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-doped cobalt oxide nanoparticles as a catalyst. The study is investigating the different factors in obtaining cobalt oxide, and Fe
2+
-and Ni
-doped cobalt oxide nanoparticles. Photocatalytic degradation studies are carried out for water-soluble eosine blue (EB) dye using cobalt oxide, and Fe 2+ -and Ni 2+ -doped cobalt oxide nanoparticles in aqueous solution. Different parameters such as initial dye concentration, dose of catalyst, contact time and pH have been studied to optimize reaction conditions. It is observed that photocatalytic degradation is a more effective and faster mode of removing EB dye by cobalt oxide, and Fe 2+ -and Ni 2+ -doped cobalt oxide nanoparticles than work done before. The optimum conditions for the removal of the EB dye are initial concentration 40 mg/L, photocatalyst dose 0.8 g/L, and pH 7.5. The EDS technique gives the elemental composition of synthesised cobalt oxide, and Fe 2+ -and Ni 2+ -doped cobalt oxide nanoparticles. The TEM and XRD studies are carried for morphological feature characteristics of synthesized cobalt oxide, and Fe 2+ -and Ni 2+ -doped cobalt oxide nanoparticles. Pseudo-first-order kinetic has been investigated for both pure and doped cobalt oxide catalysts. Almost 95% dye degradation has been observed for doped cobalt oxide nanoparticles.
Introduction
A huge number of strategies have been created to debase engineered colors from wastewater to diminish its affect on the environment. Over 70,000 tons of around 10,000 sorts of colors and shades are delivered every year around the world. About 20-30% colors are squandered in mechanical effluents amid the material coloring and wrapping up forms [1] . Colors and shades are broadly utilized, within the materials, plastics, calfskin and restorative industry to color items. The result of colored wastewater from these businesses may display an ecotoxic risk. Such colored gushing can influence photosynthetic forms of sea-going plants, diminishing oxygen levels in water and, in critical cases, coming about within the suffocation of sea-going vegetation and fauna. Most of the dyestuffs, counting azo colors, are poisonous and must be expelled over release into accepting streams since their effluents can diminish light entrance and photosynthesis [2] . Within the final decade, photocatalytic debasement forms have been broadly connected as strategies for the evacuation of natural poisons in wastewater and effluents, particularly the corruption of colors [3] [4] [5] [6] [7] [8] [9] [10] [11] . Among the unused oxidation strategies or progressed oxidation forms (AOP), heterogeneous photocatalysis shows up as a rising removal technology driving to the whole purification of most of the natural toxins [12] . Semiconductor-mediated photocatalysis may be a well-established method for poison corruption. Photocatalysis could be a procedure which is carried by retention of light [13] .
Cobalt-based nanoparticles are the most productive fabric for mechanical applications such as data capacity, attractive liquid and as a photocatalyst. Co is well-familiar ferromagnetic fabric which is commonly utilized as alloying component in lasting magnets. It comprises two shapes: hexagonal closed pressed (HCP) and confront centered cubic (FCC) [14, 15] . Co nanoparticles appear tall chemical reactivity, which makes them appropriate for catalysis. In case we need advance applications of cobalt in numerous businesses such as partition innovation, data capacity frameworks, catalysis and biomedicine, the nanoparticle is required to be depicted indistinguishable in measure, shape, uniform in composition and gem structure [16, 17] .
Cobalt oxide nanoparticles are proficient semiconductor fabric for photocatalytic movement. Utilizing cobalt oxide, a few photocatalytic responses have been carried for the corruption of natural toxins such as colors. Cobalt oxide nanoparticles have adequate band hole for the corruption of colors [18] [19] [20] [21] . The doping in semiconductor fabric is one of the ways to extend their photocatalytic action. The aim behind doping is to alter the properties of nanoparticles to form a better catalyst. 
Materials and methods
All chemicals used were analytical grade. The stock solution 1000 mg/L of dye was prepared in distilled water. 100 mL of dye solution of the desired concentrations was prepared from stock solution. In a first beaker, 100 mL of eosine blue dye solution of a desired concentration was taken, and cobalt oxide catalyst was added. Similar manner in a second beaker, 100 mL of eosine blue dye solution of a desired concentration was taken, and doped cobalt oxide catalyst was added. Both the dye solutions were irradiated with same mercury lamp to provide energy for excitation of cobalt oxide and doped cobalt oxide nanoparticles in the reactor. After the excitation of cobalt oxide and doped cobalt oxide nanoparticles, the degradation of dyes was studied using UV-Vis double-beam spectrophotometer. For that at the specific time intervals, suitable aliquot of the sample was taken from both the beaker and analyzed after centrifugation. The changes of dye concentrations were determined by UV-Vis doublebeam spectrophotometer (Systronics model-2203) at λ max 530 nm in our laboratory.
Experimental
Procedure for the synthesis of Co 3 O 4 nanocatalyst 0.5 g of cobalt acetate hexahydrate and 2.0 g of urea were dissolved in a 50 mL distilled water. After dissolution the pink colored solution was obtained. Then, the solution was stirred using a magnetic stirrer for 20 min to form a homogeneous solution. The resultant solution was transferred into the round bottom flask and the flask was connected to condenser and the solution was heated or refluxed for 12 h. After 12 h heating, the pink color of the solution changes to faint blue color and some solid crystals are formed. Cool the solution at room temperature and filter. The residue was dried and transferred in the silica crucible and ignite for 7-8 h. After the complete ignition the black colored powder substance was obtained. Then the obtained product was placed in silica crucible in the muffle furnace at 600 °C for 6 h. Finally, Co 3 O 4 nanoparticles were prepared. Approximately 1 g of Co 3 O 4 was obtained by this process.
Synthesis of modified cobalt oxide nanocatalyst
For the synthesis of doped cobalt oxide nanocatalyst, 0.45 g cobalt acetate, 0.012 g ferrous chloride, 0.023 g nickel chloride and 2 g urea were added to 80 mL of double distilled water and stirred on a magnetic stirrer for 20 min to form a pink color homogenous solution. Then, this solution was transferred to 100-mL round bottom flask and refluxed for 12 h. After cooling to room temperature, the obtained product was washed with distilled water and dried. The whole residue was calcined in a muffle furnace at 600 °C for 5 h.
Results and discussion

X-ray diffraction (XRD)
The XRD spectrum of pure and modified cobalt oxides are as shown below in Fig. 1a , b. Both pure and modified cobalt oxides were calcined at 600 °C, and analyzed by XRD with model number X'Pert Pro equipped with X'Celerator solidstate detector along with Cu K-alpha-1 radiations. In the XRD spectrum of both these materials, no additional peaks were obtained indicating the formation of pure cobalt oxide material. The Bragg's diffraction peaks can be assigned to both the materials. In case of pure cobalt oxide, the diffraction peaks are obtained at 19.04, 31.32, 36.91, 44.90, 59.36, and 65.27, attributed to (111), (220), (311), (400), (422), and (440) planes, respectively. The cobalt oxide is a cubic material with the space group Fd − 3m while it has lattice constant a = 8.08 Å. The average particle size calculated from Scherrer's formula [D = Kλ/β cosθ], where D is the average particle size, K is constant (0.9-1), β is full width half maxima (FWHM) of diffracted peak, and θ is the angle of diffraction. The average particle size for pure cobalt oxide was found to be 32 nm. The relative intensities obtained for pure cobalt oxide were matched with the JCPDS card number 073-1701. In the XRD data for modified cobalt oxide nanoparticles, the peaks reflected at 18.9977, 31.2489, 36.8327, 38.5208, 44.7909, 59.3170, and 65.1801. The average particle size calculated from Scherrer's formula for modified cobalt oxide was found to be 49 nm. The XRD spectrum is as shown in Fig. 1b .
Scanning electron microscopy (SEM)
Scanning electron microscopy is widely used to study the morphological features and surface characteristics of catalyst surface. The pure and doped cobalt oxide nanoparticles are analyzed by SEM before photocatalytic degradation of eosine blue dye as shown in Fig. 2a, b . The SEM micrographs of pure and doped cobalt oxide nanoparticles show surface texture and porosity. It has heterogeneous-surfaced microspores and mesopores as seen from its surface micrographs. The random size of pure and doped cobalt oxide nanoparticles is 21.5 nm, 23.4 nm and 31.5 nm ( Table 1) .
The specific surface area of pure Co 3 O 4 and modified Co 3 O 4 nanoparticles were calculated using the BET method in the following equation:
Energy-dispersive spectroscopy (EDS)
Interaction of an electron bar with a test target produces an assortment of outflows. Energy dispersive spectroscopy (EDS) is utilized to allocate characteristics X-ray emissions portions into a huge range and EDS system program is utilized to separate the centrality keep running in driving force to pick the plenitude of particular fragments. EDS can be utilized to discover the chemical composition of materials down to a spot estimation of a number of microns, and to make component composition maps over a much broader raster zone. Together, these capabilities give essential compositional data for a wide assortment of materials. The examination reveals that immaculate and doped cobalt oxide nanoparticles comprise correct natural composition of particular components in unadulterated cobalt oxide Co and O, whereas in doped cobalt oxide nanoparticles Fe, Ni, and Co appeared as within Fig. 3a, b (Tables 2, 3 ).
Transmission electron microscopy (TEM)
To reveal the morphology and size of the synthesized particles, TEM images of pure cobalt oxide and modified cobalt oxide were recorded as shown in Fig. 4a-d . The particle size of the composite material ranges from 20 to 50 nm. The bright-field image of the nanoparticles shows the polycrystalline shape of the particles which are well dispersed with rough surfaces. Normally, the cobalt oxide crystal structure belongs to cubic system where the perfect cubes of pure cobalt oxide nanoparticles can be seen from the TEM images in Fig. 4a , b. The modified cobalt oxide also belongs to the cubic crystal system with the minute concentration of dopant in the cubic form which can be observed from TEM images in Fig. 4c, d .
Selected area diffraction pattern (SAED)
Selected area diffraction pattern of pure and doped Co 3 O 4 nanoparticles is crystalline in shape as shown in Fig. 5a , b. Crystallinity of the sample is confirmed by the bright spots in the SAED Pattern. The diffraction data obtained from SAED are found to be in good agreement with the XRD data.
Parametric study
The photocatalytic degradation of eosine blue dye was studied at λ max 530 nm. 
Effect of catalyst dose
The effect of pure and doped cobalt oxide catalyst doses were studied on dye degradation when other experimental conditions for EB were studied at pH 7.5, and different dye concentrations for contact time 110 min were taken. The degradation percentage of EB dye by doped and pure cobalt oxide at different catalyst doses, 0.2-0.8 g/L for 20 mg/L, 40 mg/L, 60 mg/L and 80 mg/L of dye concentrations, were studied. It is observed that photocatalytic degradation of EB increases rapidly with an increasing amount of both pure and doped nano-cobalt oxide catalysts. As the number of active sites of the catalyst increases, degradation of EB dye also increases as shown in Fig. 6a , b. The number of available active sites on the photocatalyst increases and hence an increase in the number of − OH radicals produced which can take part in the degradation of the dye solution [24] .
Effect of pH
The photocatalytic degradation of EB dye was studied at different pH values as it is an important parameter for reaction taking place on the particular surface. The role of pH in photocatalytic degradation of dye was studied in the pH range 0-12 at dye concentration 40 mg/L, and pure and doped cobalt oxide 0.8 g/L. It is observed that the rate of photocatalytic degradation enhanced with an increase in pH up to 7.5 as shown in Fig. 7a, b . The pH PZc of the pure and doped cobalt oxide catalysts were estimated at about 7.5 using reported method [25] . The surface has net zero charge at pH PZc and at pH > pH PZc , the surface catalyst is negatively charged while pH < pH PZc surface is positively charged. The maximum degradation of EB was obtained at pH 7.5 for both pure and doped cobalt oxide. The catalyst surface becomes negatively charged beyond pH 7.5 and EB dye was also in anionic form; hence, there was a strong repulsion observed between the dye molecule and catalyst surface. Consequently, the rate of degradation decreases for both pure and doped cobalt oxide nanocatalysts beyond pH 7.5.
Effect of contact time
The effect of contact time for the photocatalytic degradation of eosine blue dye by pure and doped cobalt oxide nanoparticles is shown in Fig. 8a, b . The dye was quickly degraded in first 20 min and then degradation rate continuously goes on increasing and reaches equilibrium in about 90 min. The rate of degradation of dye was initially fast because dye concentration was maximum; therefore, maximum amount of dye was adsorbed immediately and hence, the initial degradation rate was faster. As the maximum concentration of dye was degraded from aqueous solution, the rate of degradation reaches at equilibrium. The rate of degradation of EB dye was maximum for doped cobalt oxide compared to pure cobalt oxide nanoparticles. The doped cobalt oxide has less band gap due to dopant Fe 2+ and Ni 2+ compared to pure cobalt oxide; hence, doped cobalt oxide was worked as a better photocatalyst for photocatalytic degradation of EB dye. The degradation of eosine blue can be explained on the basis of heterogeneous photocatalysis. This process involves generation of e − and h+ which again generated O 2 − and − OH radicals, respectively. These radicals are highly reactive and act as degrading agents. Moreover, photogenerated hydrogen atom from water is responsible for reductive degradation [25] . 
Effect of initial dye concentration
The rate of degradation of EB dye was studied by varying the dye concentration from 10 to 100 mg/L. Because for fixed catalyst concentration active sites remains the same. With the increase of the initial EB concentrations, the EB molecules accumulate on the surface of pure and doped cobalt oxide catalysts. However, quenching between these excited eosine blue molecules irradiated by mercury light will take place. The quenching probability could also increase with the increase of the initial EB concentrations. Consequently, the photocatalytic efficiency of EB solutions was decreased with the increase of the initial EB concentrations. The decrease in photocatalytic efficiency was maximum for pure cobalt oxide than doped cobalt oxide as shown in Fig. 9a , b. This was mainly due to decrease in band gap observed in doped cobalt oxide nanoparticles.
Photocatalytic degradation kinetics study
Pseudo-first order The photocatalytic degradation of EB dye on the surface of pure and doped cobalt oxide follows pseudo-first-order kinetics. It can be expressed according to the pseudo-first-order equation, where C and C 0 are the reactant concentration at time t = t and t = 0, respectively, and k and t are the pseudo-first-order rate constant (reac- The pseudo-first-order rate constant k and linear regression coefficient (R 2 ) for EB solutions with different initial EB concentrations are summarized in Table 4a , b, respectively.
According to the Langmuir-Hinshelwood model, the fact that the decrease of reaction rate constant with the increase of the initial concentration of EB solutions obtained from Table 4a , b could be explained as follows. The EB dye is first adsorbed on the surface of doped and pure cobalt oxide, and then the photocatalytic degradation takes place under mercury irradiation. With the increase of the initial EB concentrations, the EB molecules congregate on the surface of pure and doped cobalt oxide nanocatalysts. However, quenching between these excited molecules irradiated by UV light will take place. The quenching probability could also increase with the increase of the initial EB concentrations. Consequently, the photocatalytic efficiency of pure and doped cobalt oxide nanocatalysts decreased with the increase of the initial eosine blue concentrations.
Reusability of photocatalyst
The stability of the pure and doped cobalt oxide catalysts was affirmed by reusability of the catalysts within the photocatalytic corruption of EB in UV-Vis illumination. To ponder its reusability, after photocatalytic debasement the powdered nanocatalyst was settled by gravity and after that was isolated. The recouped nanoparticles were collected and reused for three times beneath the same photocatalytic exploratory condition. Expulsion of EB by utilizing unadulterated cobalt oxide after first run accomplished 92%, second run 91.7%, third run 91.3% and fourth run 91% separately, whereas expulsion of EB by utilizing doped cobalt oxide after first run accomplished 95%, second run 94.7%, third run 94.5% and fourth run 94.2% individually as appeared within Fig. 11a, b . In this way, it is proposed that unadulterated and doped cobalt oxide nanocatalysts have way better solidness and does not appear noteworthy misfortune in movement after four cycles. It is found experimentally at each catalyst recycling the % degdradation of EB dye was decrease due to reusability of the catalysts. It is recommended that immaculate and doped cobalt oxide catalysts do not get photoerode amid photocatalytic degradation [26] . 
Conclusions
Eosine blue dye is one of the major contaminants present in industrial wastewater. It enters the environment when released through wastewater and exerts detrimental effects on flora and fauna. The proposed nanoparticles are found to be useful for the wastewater purification. Both synthesised pure and doped cobalt oxide nanomaterials were successfully applied for the removal of eosine blue dye from an aqueous solution. The synthesised doped cobalt oxide nanoparticles have more efficiency for the degradation of eosine blue than pure cobalt oxide due to decrease in band gap. The degradation efficiency of both catalysts indicated that the low initial dye concentration and high catalyst dose are more favorable for the degradation process. The process obeys the pseudo-first-order kinetics with good correlation with linear regression coefficient. The experimental results of this study show that the doped cobalt oxide catalyst degrades eosine blue up to 95% while pure cobalt oxide degrades up to 92%. These nanocatalysts have great potentials to be used as water purification media, where the potential of this material can be further modified to increase its degradation capacity towards targeted compounds. 
